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Abstract
We argue that an effective flavor discrimination in neutrino telescopes is the key to probe the
flavor ratios of astrophysical neutrinos at the source and flavor transition mechanisms of these
neutrinos during their propagations from the source to the Earth. We first discuss how well one
can reconstruct the flavor ratios of astrophysical neutrinos at the source. We then discuss how
to probe flavor transition mechanisms of propagating astrophysical neutrinos. In this regard, we
propose a model independent parametrization for neutrino flavor transitions, with the neutrino
oscillation as a special case.
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I. DETERMINING FLAVOR RATIOS OF ASTROPHYSICAL NEUTRINOS
It has been demonstrated that [1] the event ratio of muon tracks to showers can be
measured to a 10% accuracy for a decade of data taking in IceCube with a neutrino flux
in the order of Waxman-Bahcall bound [2]. The above accuracy in measuring track to
shower ratio can be translated into a comparable accuracy for determining the flux ratio
R ≡ φ(νµ)/ (φ(νe) + φ(ντ )). We have pointed out that a well determined R is still not
sufficient for constraining the neutrino flavor ratio at the source, which is characterized by
the vector Φ0 = (φ0(νe), φ0(νµ), φ0(ντ ))
T with [3]
φ0(νe) + φ0(νµ) + φ0(ντ ) = 1,
φ0(να) ≥ 0, for α = e, µ, τ, (1)
where each φ0(να) is the sum of neutrino and antineutrino fluxes. On the other hand, we
have shown that [4] it is possible to discriminate between an astrophysical pion source with
Φ0 = (1/3, 1/2, 0)
T and a muon damped source with Φ0 = (0, 1, 0)
T [5] at the 3σ level,
provided that the separation between the tau shower and the electron shower, namely the
measurement of the parameter S ≡ φ(νe)/φ(ντ ), can be done as effectively as R in neutrino
telescopes. To reach this conclusion, we have taken into account the following uncertainties
(1σ ranges) of neutrino mixing parameters [6]
sin2 θ12 = 0.32
+0.02
−0.02, sin
2 θ23 = 0.45
+0.09
−0.06, sin
2 θ13 < 0.019. (2)
We conclude that tau neutrino identification is crucial for developing the neutrino flavor
astronomy.
We also consider the detection of very high energy astrophysical neutrinos, i.e., Eν > 33
PeV. In such an energy range, the tau lepton originated from the tau neutrino behaves more
like a track rather than a shower while the electron neutrino only give rises to a shower
signature. Therefore the more appropriate flux ratio parameters in such a case are R′ ≡
φ(νe)/ (φ(νµ) + φ(ντ )) and S
′ ≡ φ(νµ)/φ(ντ ). We found that R
′ is a more sensitive parameter
than R for reconstructing the neutrino flavor ratio at the source, if both parameters are
measured to the same accuracy [7]. Furthermore, it is interesting to note that a further
measurement on S ′ does not improve the reconstruction of initial neutrino flavor ratios. In
fact, due to the approximate νµ − ντ symmetry [8, 9], S
′ is always close to 1 irrespective of
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the initial neutrino flavor ratio. We note that R′ can be measured in the radio extension
of IceCube detector [10], which aims for detecting very high energy neutrinos such as those
produced by the interactions between ultrahigh energy cosmic rays and cosmic microwave
background radiations.
II. PROBING FLAVOR TRANSITIONS OF ASTROPHYSICAL NEUTRINOS
The effect of neutrino flavor transition processes occurring between the astrophysical
source and the Earth is represented by the matrix P such that
Φ = PΦ0, (3)
where Φ = (φ(νe), φ(νµ), φ(ντ ))
T is the flux of neutrinos reaching to the Earth. We note
that our convention implies Pαβ ≡ P (νβ → να). The matrix P can be easily calculated for
standard neutrino oscillation model. However we should keep P as general as possible for
accommodating other flavor transition models. It is convenient to parametrize the initial
flux of neutrinos by [4]
Φ0 =
1
3
V1 + aV2 + bV3, (4)
where V1 = (1, 1, 1)
T , V2 = (0,−1, 1)
T , and V3 = (2,−1,−1)
T . The ranges for a and b are
−1/3 + b ≤ a ≤ 1/3− b and −1/6 ≤ b ≤ 1/3. Likewise,one can also write the flux on Earth
in the same basis
Φ = κV1 + ρV2 + λV3. (5)
It is easy to show that


κ
ρ
λ

 =


Q11 Q12 Q13
Q21 Q22 Q23
Q31 Q32 Q33




1/3
a
b

 , (6)
where Q = A−1PA with
A =


1 0 2
1 −1 −1
1 1 −1

 . (7)
In other words, Q is related to P by a similarity transformation where columns of the
transformation matrix A correspond to vectors V1, V2, and V3, respectively.
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For the flux-conserving case during the neutrino propagations, one has κ = 1/3 which
requires Q11 = 1 and Q12 = Q13 = 0, since the coefficients a and b are arbitrary. Further-
more, in the exact νµ − ντ symmetry limit, one can show that Q21 = Q22 = Q23 = Q32 = 0.
Therefore, under these two assumptions, there are only two free parameters, Q31 and Q33,
for classifying all possible neutrino flavor transition models. This is a great advantage of
Q matrix parametrization for describing neutrino flavor transitions. The determinations of
Q31 and Q33 by neutrino telescopes are discussed in Ref. [11].
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